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This eighth grade mathematics guide i.. one of a 
series of guides, K-12, that were developed by teachers to help 
introduce environmental education into the total curriculum. The 
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(minilessons) that reinforce the relationships between ecology and 
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Forest Management Session 

George Howlett, Jr. 
Forest Ecologist - Environmental Specialist 
Project I-C-E, Green Bay, Wisconsin 



This exercise gives you a chance to do some of the things a forester 
does. While you experience the work activity of a forester, you may be- 
come more familiar with a forest; what things make this place a forest; 
and how a forest can be a living place for certain plants and animals. 

^^^^^ Instructor 



Lo'^^tion Time ^ Date 

Weather 



Team Chief Cruiser ^ Observer 

Tallyman Scaler 



Supplies: compass, diameter tape, flagging tape, tape measure, or yardstick 
Activities 

A. Sample plot measurement 

Locate a sample plot ip^vthe forest area; use flagging tape to mark 
boundaries. 

1. Locate a corner point. 

2. Use a compass to sight east-we^t and north-south boundaries, 

3. Measure off a rectangular unit 66 x 66 feet and flag the corners and 
boundaries. (Use tape measure, yardstick, or pacing methods.) 

You now have a 1/10 acre sample plot. 

To get per acre estimates when asked for, you must use measurements 

from the plot times 10. 

(10 X 1/10 = one) 

B. 1. Measure the diameter breast height (d.b.h.) (4 1/2 feet above ground) 

of every tree in the plot over 3 inches d.b.h. and record. Use the 
diameter tape to measure d.b.h. 



FRir 



BEST fiWi 

d.b.h. iiieasureinents 1/10 A plot. Record to nearest 1/2 inch. 
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1. 

2. 
3. 
4. 
5. 



6. 
7. 
8. 
9. 
10. 



11. 
12. 
13. 
14. 
15. 



16. 
17. 
18. 
19. 
20. 



2. Convert diameter measurements to circular area values by using the 
conversion chart. This gives basal area. 



1. 
2. 
3. 
4. 
5. 



6. 
7. 
8. 
9. 

10. 



11. 
12. 
13. 
K. 
15. 



16. 
17. 
18. 
19. 
20. 



Conversion of Diameter Measurements to Circular Area Values 



Diameter 


Area 


0.5 


0.20 


1.0 


0.78 


1.5 


1.77 


2.0 


3.14 


2.5 


4.91 


3.0 


7.07 


3.5 


9.62 


4.0 


12.57 


4.5 


15.90 


5.0 


19.63 


5.5 


23.75 


6.0 


28.77 


6.5 


33.18 


7.0 


38.48 


7.5 


44.18 


8.0 


50.27 


8.5 


56.75 


9.0 


63.62 


9.5 


70.88 


10.0 


78.54 


10.5 


86.59 


11.0 


95.03 


11.5 


103.87 


12.0 


113.10 


12.5 


122.72 


13.0 


132.73 


13.5 


143.14 



Diameter 


Area 


Diameter 


Area 


14.0 


153.94 


27.5 


593.96 


14.5 


165.13 


28.0 


615.75 


15.0 


176.71 


28.5 


637.94 


15.5 


188.69 


29.0 


660.52 


16.0 


201.06 


29.5 


683.49 


16.5 


213.82 


30.0 


706.86 


17.0 


226.98 


30.5 


730.62 


17.5 


240.53 


31.0 


754.77 


18.0 


254.47 


31.5 


779.31 


18.5 


268.80 


32.0 


804.25 


19.0 


283.53 


32.5 


829.58 


19.5 


298.65 


33.0 


855.30 


20.0 


314.16 


33.5 


881.41 


20.5 


330.06 


34.0 


907.82 


21.0 


346.36 


34.5 


934.82 


21.5 


363.05 


35.0 


962.11 


22.0 


380.13 


35.5 


989.80 


22.5 


397.61 


36.0 


1017.88 


23.0 


415.48 


36.5 


1046.34 


23.5 


433.74 


37.0 


1075.21 


24.0 


452.39 


37.5 


1104.46 


24.5 


471.43 


38.0 


1134.11 


25.0 


490.87 


38.5 


1164.16 


25.5 


510.70 


39.0 


1194.59 


26.0 


530.93 


39.5 


1225.42 


26.5 


551.54 


40.0 


1256.64 


27.0 


572.55 


40.5 


1288.25 
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BEST copy mU^LL j*^ 

3. Add all basal area figures. 

a. Sum of basal area , . (i/io acre test plot) 

b. Multiply by 10 to give basal ar-ea per acre . 

c. Find the average basal area of the forest stand per acre 
by summing the BA/acre figures of each survey team. Then 
divide by number of teams. 

Total BA If of teams = BA/A 



While survey crew records d.b.h! and BA figures in the sample plot, 
the observer will record information about the environmental- factors 
of the sample plot. 

Observer's Notes: 

The forest - tree, form, cover, age, condition, successional stage 
Other plants - mushrooms, mosses, etc., herbs, shrub layer 
Birds - animal sign 

Soil (dig some up and feel it; smell it), moisture factors 

Rocks - geology and topography 

Demonstration talk; forester - forest Geologist 

1. Method of marking timber 

2. Height measurement 

3. Timber Stand Improvement (TSI) 
Tree Defects 

1. Wolf tree 

Takes up too much space. Has poor form and little wood volume for 
lumber. Represses other trees too much. 

2. Crook and Sweep 

Trees bent or with a long curve which would not saw well. 



3e 



3. 



Fork Trees 




Trees which lost the leader and had secondary branches take 
over. 

4. Heart Rot 

Trees with fire scar, fungus bodies, hollows, longitudinal scars, 
etc. which indicate interior defect in log, 

5. Over Age 

Overmature tree which has stopped growing and is using forest 
space. Must use increment borer in outer wood to determine this 
or keep long-term diameter growth record. 

5. Diseased Tree 

Observably damaged or dead tree from virus, fungus or Insect 
attack. 

7. "Wf?ed" Tree 

Tree that is undesirable to the stand because it produces poor 
quality wood and takes up space. 

8. Suppressed Growth 

Tree which needs to be thinned because too many others are 
crowding it and it will die without increasing volume. 

Timber Stand Judging 

Assignment 

Determine which trees in this plot should be cut as part of a 
selective cut program with an improvement and sanitation aspect, 
Mark no crop trees less than 18 d,b.h, except where competition 
should be reduced. Mark defective or cull trees which should be 
removed to improve the forest stand. Use flagging tape to mark. 
Record the trees in the tally. 

Cut trees numbered (explain defect or reason to cut) 



2. 



COW mis^ 

Forest Cutting Methods 

Forests are managed or cut by several methods: 

1. Selective management cut 

2. Diameter limit cut 

3. High grading 

4. Improvement and sanitation cut 

5. Clear cut 

6. Release cut 

Selective Management 

Cut for continuous yield by selecting mature timber, ripe for 
harvest. Allows release of sub-dominants to take oyer stand. 
Maintains most efficient competition. Removes diseased and 
detective trees as part of overall management. Used in climax 
type stands. Has value for long-term continuous yield. 

Diameter Limit Cut 

All merchantable trees over certain diameter are cut.^ No 
management. Done for short-term maximum profit without 
thought of stand future. Usual diameter 14 tnch d.b.h. 

High Grading 

Cutting only selected species and selected quality of trees. 
Allows weeds and defective trees to remain. Stand quality 
declines. Stand competition changes. , 

Improvement and San itation Cut 

Stands are thinned because they are too dense. Defective, 
diseased, and weed trees are removed to Improve stand quality. 
Economic benefits are smaller now but will be greater fn the 
future. 

Clear Cut 

All merchantable trees are cut. Pulp and pole trees are 
sold along with timber trees. Ground may be bulldozed. 

a. May be part of management plan for pioneer forest 
regeneration which needs open sunlight. Will im« 
prove game habitat for deer and grouse. 

b. May be short term gain condition for perhaps temporary 
land holder who does not care for forest renewal e.g. 
real estate developer or agent, farmer who wants to 
clear for agriculture, or someone who does not under- 
stand forest conservation values. 

c. May be done to sanitize forest because of pest outbreak. 



BJSI con MWUBLE ^ 

Release Cut 

Overtopping less valuable trees, e.g. aspen, birch, may be cut, 
when their shade cover value is unneeded, to allow more valuable 
trees, e.g. spruce, white pine, a chance to grow more rapidly to 
maturity once they are well established. 

To get feet per pace (include fractional feet). 
Find the number of paces needed to measure: 

a. A plot 1 X 2 chains (66 x 66 feet) or 1/10 acre. 

b. A plot 1 X 10 chains (66 x 660 feet) or one acre. 
^* X paces. 

b. X p aces. 



ERIC 



E. S. E. A. Title III - PROJECT l~C-E 59-70-0135-4 



n> o 
ro -o 

Oi c 

o 

3 



c 



o sr 
rs 

^ a 

-1 (/) 
c 

rD IT 

O 3 

• ru 

Q. 

CO 



o 



O 3- 5 

c: (P ai 

:5 ^ 

O 3 (D 

n> n> 3 
(/) n> (D 

3 --h 

O -J' 
0) 3 

3 

n> n> 3r 

o n X3 
^ — * c 
rt- -J' cr 

3 

rtua -J. 
O O 

3 -t) -t) 

o^^ o 

I 



o c 
n> (/) 

ro 

rt- O 

o c 
ru 3 

< Qi 

-J c 
o ^ 

^ (/) 
ru o 

Qi c 
rt- ^ 

CO 



< 

o 
n 

Qi 

rt 

i 

ro 

o 
o 

3 

CO 

< 

Qi 
rt- 

< 



IS' 



O 3 -5 O 
O (D fl> -ti 

3 n> 00 
CO cx o 
S c ru 

•o o ^ 

rt fti n> (/> 

-J. rt CO 

O rt 

3* -J* fti 
ft) ru -J rt 

3 

^ ru ^ 

n> CO *a 

o ru^ 

^; 3 o 

•Mi 

rtU3 
3 ft) 3* ^. 

rt- ro < 

• n> n> 

:e 3 
o o 



rD 

CO ft) 

c o 



O ft) 

I g -o 
-a 

c o 

rtX3 

ro n 
«•)• 
rt- fti 
3- rt- 

ro ro 
ft) a. 

ft) 

TJ rt- 
^ fti 

o 

X o 

3 =• 

CU ft) 
rt- 

ro o 

3" 

3 ft) 

3 rt 
cr • 
ro 



O X> 3 
ro TT 

3 (/) ro 

ft* ro 

rt 3 01 

C rt- 

^ o 

0) 0) o 
0) 

-t) -$ 
c 

rt u> 
c 



o ro 
ro 



o 

3 



cr 
o ro 



o 

3 



(/) (0 



c 

3 3 
u3 -a 
rt O 



ro 

3 



09 

m 

< 

o 
> 

r 
O 

00 
<- 
m 
o 

H 

< 
m 



O 

m 
z 

a 

0 

z 



8 

m 

3 

z 
o 



o 

3 



3 

ro 

O) 



ro 
(/) 
o 
c 

n 
ro 

CO 



o 

3 
rt 



ro 



ro Q, o cr 0) 



5^ P -H r- N4 

o ro <«^« ro 

"O Ct 3 0) 3 

ro o 

ro 
c 
3 



CO cj <A> ro ro 
oi o o ai o 

ro ro ro ro fD 

O) O) O) 0) 0) 

^ ^ ^ 

CO CO to CO CO 



cr o o 
ro 3 

o o 

0 ro c 

3 0) -1 

i2 ^ ^ 
c (/) ro 

1 3 

2 2 <^ 
o. ro 

• U) o 

a> o 
-s 3 

< CO 

0) c 
3 

3 13 

3 -J 

ro o 

CD • 

CO 

«-j cr 
^ n> 
1 



3 

0) 

cr 
ro 



o 
o 

3 

CO 

c 

3 

•o 

o 

3 



CO o 
3- O 

0) 3 

^ T3 

ro c 

5 sr 

rt 

3* O 
3 
CO • 

rt 
C 
Q. 

ro 

3 

rt 

I/) 

rt 
3- 

ro 



03 



5 c 
rt 

O 

ro cr 

— « fo 

9 3 



< 

0) 

0) (jD 
rt • 



-t) ro Q. o 



o 

3 
I 



cr o 

ft) "mmJ 

ro o 
I 



CO 


b) 0) 


rt 


3 < 


c 


o. ro 




ro 


ro u) 


3 


X rt 


rt 


o c 


CO 


3" Q. 




0) ro 


-+» 3 3 


O CQ rt 




ro CO 




rt 2 




3* 0) 




ro ;^ 




3 ro 



O l-H 

o 

0) o 



o 
ro 



cr o -o 

o ro 

O) -o rt 

3 TJ -J 

-j« ro o 

c -I 

3 ro 



c f>0 
CO • 

3 

cr O) 'X) 2 

• • Q) 

O 

rt ro 
H r- 3- 
-J' ro ro c 

3 O) 

3 w 
3 3 

ro 

O) O) 

-J T 

CO 

-1 
o 
cr 



CO 



O) 



O) -Ji cr **t) • -j« 



CO ^ CO 

rt —I • 



c< 
ro 

O) 

-5 «j. O 
•n) 3 



N 



3 

O 



O) 
3 

« a 

ro ro 

O) 3" O) ^ 

no c 

3" 5 -O ft) 
O — i 

ro o c 3 

^ 3 — <VQ 

CO CQ O) 

O ^ rt -J 
3 € -J'O 

^« o 

C -J 3 CT 
(/) ^ ^« 

ro o — i < 
(/) rt -41 — <ro 
3" 

cnro ro o (/» 

03 C 

CO 3 

• n *< 



< 
ro 

1-^ 3 



a 

6 

ST 



3 



ro 
3r 

O) 

< 
ro 

O) 

ro 

CO 

ro 
-1 



o 
o* 

ro 
3 



rt 
O O 

3 

O O) 

ro 



I 



c 1 
rt ro 

Qi Q) 
rt —J 

O CO 
3 rt 
• ^1 

O 

-5 
O 

cr 

ro 

3, 
to 



ft) H CD 
cr ar -1 
o ro ro 
< ro 
ro 3 

3 

^ 00 
O .fiJ 

3 ^ 
3 • 
ft) 

rt s: 



< (/) 
ft* ro 
3 -J 
< 

r- ft) 
ft* ft 



o 

3 



O 
O 

c 

CL ro 
ft) 

cr 
ro 



c 

CO 

ro 



O CO 

3 • 

id 

cn 

3 O 

ro CM 



O 

o 

CO c 
O 3 
X o 



o 

U) ft* 
3 

^ CU 

ft* 

3 

n 
ro 



• 3r 
ro 

o 

CO :r 
o ro 
o ^ 

3 

CO rt 
3 • • 

ro 

CO 

o 
c 
-1 
o 
ro 

o 
o 

3 
I 



r* X ^> 

CO o (/) 

ft* T^O 
3 0 0 0 
< ,-1 -Ji -J 

-j.c< o* rf 
— I rt 

X -J- N 
ro O ro 

o* 2 

3 O* 
CO o* O. rt 
o 3 • 
O 3 O 
3 ^ ::d 

-1 (t) 

•Mi. ^ </> 

3 O* O 

• c 

?^ 

-s o 
c ro 

ro 



CO 



ro o* c -ij* 
rt < o* ro 

rt ro -5 -I 

ro ri CL 
o *< 

rt 



ft) 
CO 
CO 



3 n 
ro g 
3 

rt-a 
o o 
• • </) 
ro 

? 

o 



o* 

3 

O* 

ft) 



sr 

a 



3 

3 
c 
a 



C 

o 

m 



o 
m 
2 
H 
m 

33 

m 



r 

m 
> 

X 

z 

2 

O 

> 

o 

H 
< 



m 

(A 



3 

o 

2 
H 



o 
< 

(/) 

o 

3 

O* 
3 

a 

-o 
-1 
o 

fT 

i 

o 
< 

3 



C/) 

c 
2 

m 

q 



O* 



m 

3 
a 

3 



S. 



ERIC 





< 



3 

o a 
sr 

« 

Qi 
CX 

ar 3 
w o 



o 
o 

< 

flu 



a: 



3 ^ 



ca 

Q. 

sr 



n 
c 



73 
O 
O 



cr 

I 

5' 



c 
o 

Q 
m 

iq 

m 
O 

3D 
m 

8 

c 

33 
O 

m 



O 
c 

(/> 

•o 
o 
(/) 



(D 



i/1 



o 
o 



Ml* 



arua 



o ^ 

0) o 



f 



C 
3 



O 

2 



o o 



O) 

-1 



CO 

E 

o 



o 
o 

ft 

3 
C 

s. 



S 

z 

H 



m 
O 

o 

3D 

g 

O 
m 
O 

r 
m 
> 

30 
Z 

Z 

o 
< 

H 

fri 



ERIC 



- IP 



»-H a 

o ro 

3 o 
0) o 
rt 3 
^« < 

O fO 
to 
O 

3 



a rt o 

CD 0) O 

3 < 

3 fD 

ft* 3 ^ 

ft) rt 

rt- 

• 3 

3 ^ 

3 CU 

rD o 

T3 3 

0) CO 
ft) 

-J. o 
3 



E. S. E. A. Title III PROJECT l-^C-E 



Q.-0 
1 O 

c 

3 rt 

• O 
3 

ru 

3 

rt- 
rt- 
ru 
a 



rt* a o 
rr ft) 

(D «*4. 3 

rt- < -O 

«ji 3 ^( 
•-)^£J iO 
^ 3 

3 rt- 



rf --J O < 
--•T) C O 



to 
rt 

ft) 
rf 

CO 

rt 
3" 

ru 



ft) 
rt- 

CO 0) -4 



CO 

rt 
O 
T3 



ft) 

ft) 
c 

CO 



3 

O 3 
C CO 
3 

rt CL 
ft) 
O rt- 
ft) 



3 3-- 
O 



ru 
cx 
c 
o 
n> 

c 

3 

3 

ru 
o 

(D 

CO 
CO 

ft) 



o 

ft) 
rt- 



ft) 
c 
rt- O 

o -a 

3 



Qi ft) 

^ rt- 

a I'D 

< 
(D 



O 

cr 



(D 



3 



a. 

(D 

< 



ft) 



-J. 

o 
•a (D 
o 

rt- 
I O 



rt- 
3* 
ft) 
rt- 

ft) 
C 
rt- 
O 

3 
ft) 
3 
C 

ft) 

o 

rt 
C 

(D 



< -a 
(P o 
«^ 

rt- ^ 
c 

3 rt- 
^ (D 

CO 

^ rt- 
ft) 3" 

o ru 
rt- 

Qi 

O ^1 
3 ^ 

CO 

rt-^ 

o 

o 
a. o 
rD 3 
o • 



3- > 

Q 3 

3 B 

c 

o 

arjo 
c 

o n> 

3 (/) 
n> rf 

ft) o 

C 3 

rt- CO 
O 

3 Z 

O 3- 

O 

-J sr 

0) 

CO 
3" 



9 
'S 



• 



CO 



fNJ r- 0% 22 

O 0; O rt 

a. o 
o o o 

O I ^ (T) 
O O fD 



rt 
O 
3 



O 3 
O 

O 
rt X 
O 

3 Q. 

CO 



-J 3 I 



O ^ 

o o 

^ J? 

ft) 

o 

o cr 
o o 

3 

rt CO 
O 

3 I 

CO 



-ti ft) c: 

O 3 (/) 
CO -J. 

S 3 
rt iQ 

n> rt 
rt 3" 
(D 3* (D 

a> 

3" (/) O 
0) ft) ^ 

3 3 

O _ 
ft) rt 

(/) O CO 

E <^ 

(D ft) 
(/) rt 
ft «i. 
-i* (/) 
O rt 
3 ^* 
(/) O 



rt O 
3- ft) 
(D 

cr 

ft) o 
3 

O 
3 
O 

X 



o ^ • 

C -J 
3 

ft) 

ft) 



CO 



rt- 



< 

0) 

o 
n ft) 



rt- 
3" 
ft) 
rt- 



i 



<r> 

rt 

o 
o 



c 

rt 
(D 



ft) 
rt 
O (D 



-J. ST 

rt- C 
ar o 
Q 3'T3 
O 

ft) o 

•-o cr 
o 

3 



^ Qi JO 



CO 



3 

CO 



o 

3 

Q) 
3 



3* U1 

_ (D 
3 (D 
C ft) CO 

o o 

3- CO 3 



3 
o 

3 
O 
X 



ft) 
< 
cr a> 
-J ^ 
a> ft) 

-t) (D 

o 



CO 
CO 

(A 

rt- 
ft) 
3 
O 
(D 



00 
rt- 
c 
a. 
rD 

3 

rt- 

CO 

ft) 

^« 0) 
rt 

3-rt' 
O 



c 

fD 
CO 
rt 

o 

3 

CO 



rt 
3^ 

0) 



0) 
^ 3 

n> rt 
rt 
^« 

3 



(D 
ft) 
O 
3" 

O 
ft) 
-1 



rt 
(D 
ft) 
O 
3* rt- 
a> 3* 

a> 

in 

a 



ft) o 

• n 

ft) 
-1 
cr 
o 

3 

3 
o 

3 
O 
X 

mi* 

Q. 



3 
rt 

3^ 

CD 



sr n> 3 -J* 



i 

rt- 
rt- 
rD 
Q. 



< 

o vo 3 
ft) o> 
-1^3 



ft) rt- 

n> a, 
^ a. 

o </) 
O CO rt 
O O ft) 
V rt 
O 4::irD 
O (/) 
O «^ 

rt O ft) 
o Oi/) 

3 0</) 
3 

• 



ft) 

rt- 

rD 
ft) 



rt ro 
o • 

o 

C £ 

cr Qi 



ft) 

c 



CO 



CO 

TJ rt 
O ft) 
-J rt 
ft) 

C 

rt CL 
o 

o •^^ 

3 3 



ft) -a 

3 O • 
Q. — « 

rt O 
-J. -5 
O 
3 

rD 
o o 
ft) rD 

C 3 
CO rt 

rD 

Q. Q. 

ft) 

,cr rt 
<< ft) 

s: o 

3 



(A 



4s» 



o 
ft) 



ft) 



< O (/^ rt 
fD O rt 
3" 3 C ft) 

(/) 3 

O -J« fD CO 

3 3 -O 

rD rt C 

a rD rf* 
-i.-a o ft) 

< rt O rf* 
O Q. 3 

-ut 

ft» rt 
3 fD 

CO 

• rt 

3* 

SrD 
o 

rf s: 

O 

CO 



CO -J. 
♦ 3 

rt 
00 3- 
-1 fD 

3 O 

UD O 



• Q • O 



-3 C X c 



3 C 

3 

rt^rt- 
fO 

ft) 
3 
CL 

O 

3 ,3- 
co << 
••o 

o 



CO 



fD 



rD 



o 

Q) 
C 
ft) CO 

c rD 
rt CL 

o 

(/) cr 
ft) 

ft) 

rD c 
rf 
o 

3 (/) 
• 

rt- 
rr 

fO 



CX £ (/) < 
O) «J* rt* -J* 
rt -J ft) 
fti ^ rt 

rt- 

ft) O 
fD (/) 3 rt- 
•-i • o 
rD 

< -i rt 
fti O X 3- 

3 o rD rD 

rt- ft) 

— «rD — « 

rt- O 
O T) rt O 

o rr ft) 

O 

O O CO 

ft* rD rt o 
^ c ^ 

Q. -J. 

O fO 
3 
rt- 

(/) 



fD 



(/) Q. -J. 

ft) 3 
3 rf 
O ft) o 
fD 

X) ft) 

-J n> CO 

0> rt" 

NJ Q) 
3 O 

3 rD 
ua < 
rD 

O V 

<< <o 

rD ft) 
ft) rf 

^ 3* 

(/) rD 
1 



CLCO 
ft) ^ 
rt O 
ft) c 

CO (/) 

3 ft' 

•Mi Q. 

ft) 

-5 ft* 

CO 

rt- 
O 

rt 
rt 3* 
3* rD 

ft) 3 

rt 

(£) O 

< -h 
rD •J» 

3 3 
CL 



o 
< 

CI 
fD 



ar 

0) 

CO 

rt- 
c 
o. 

3 
rt- 

CO 



00 

m 
X 

? 

mm 

O 
> 

r 



H 

< 
m 



O 

30 

rn 
2 

i! 

H 

5 
z 



O 



c 
rt- 

O 
3 



8 

2 
O 

m 

z 
o 



3 

a 



a 
c 
ft) 



o 

rt 

CO 



c 
o 

m 
2 
H 

I 

O 
m 
2 
H 
m 
33 
m 
O 

r 
m 
> 

73 
2 

2 
O 



m 



2 2 



o 

2 



o 

o 
<><• 

3 
at 



2 
C 

ft) 

3 

yo 

fD 

ft) 



fD 

CO 



m 
O 
H 



ft) 



c 



3: r- r- 
o o 
rt cr o 
o -5 ft) 
-S ft) 

<^ -a 
Q o 

ST -4 

o o 
rD 

a 3 

a> 

O 

ft) -5 
^ 3 
H> ft) 
3 rf* 
Q -J. 

a o 

cr 
c 



3 

3 
e 

I 



ft) .^i 



ft) 



CO rt- 
ft) fD 
i/1 

TO 
=^000 

vo 
o 

I 

o 

"I 



o 



J» o o * 


' I 












i 

-a 


n * 


, if 

B 


0) 


c: 




O 


3 


ui CO 






-jf 




w 




(D 




w 


C 




O ft) 




rt 


« 


3 a. 




•J* 








O 






3 


3 






S. 


O 












> 


o 
















o 












O -< 










Ca 






3 


o 






o 


c 






c 


-5 




o i/1 


3 








ft) 










• 










-n 

««4f 



3 



I 

o 



I 

o 
I 

m 



o 



o ^ 

— o 



CO 

o 
o 



ft) -r 
3 O 

CD 

00 ^ 

ft) 00 VO 
rt- (0 0> 

1 ft) 
3* V 



o 



o 

3 
ft) 



o 



3^ 

(P 

09 
ft) 



O Q 

rt 
o 

3 





m — * 










0> 




rt 




rt 


o 




3 








• 

VD 




m 
• 



e 



c 
o 

m 



m 

o 

8 

c 
a 
o 
m 



8 

Z 
H 

Z 
C 
m 
o 

o 

> 

o 
o 

m 
O 

r 

? 

3D 
Z 

Z 

< 

H 

ffl 



ERIC 



S. E. A, Title III - PROJECT I ^-C-^E 59--70--0135-4 



r" IS XI o 
Oj o o o G 

O 
ft) 
3 



3 6j 



CO 
««« 

c 

I 



O 
3 



^ o a> 
a ft) n 

iT) ft) 
3 

rt rt 

-s 

cr fO 

3 

• 3 

rt- 

ri- ^ 

3 

fD 

3 

rf a. 
ft) cr 

3 iD 
CX I 



U3 ft) 

CP 

O {A 

CL 

< 

3 

3 n- 
rD 

N l/» 

ft) 

a 

3 

3 CL 
CL 

CL 
Q) < 
3 

CL 3 
I 



4/1 

CL 
ft) 
O 
"S 
fD 

•Mil 

3 



rt 

ft) 



o 



ft) 

o 
ft) 

3 w 



ft) 
CL 
C 

o 
ft) 



3- 



> 

O 

i' 



c 



3 

a. 



ft) 



3 

CD 

urj 3- 

3- 3 

ft) 



3" 

ft) 

a* 
< 
ft) 

"S 

ft) 



^ Ul 



N 
ft) 







o 


cu r-) a» 


o 


Ul O 


O 




fD 


< O 


cu 


•^4 O 






3 


ft) C 0) 




N 3 


<— * 


3- 


rt 


3 a 


o 


rD "o 


fO 






cu rt 




c 




rt* O to *< rt 




O rt 




3- 




CD ♦ cu 


cu 


~t) ro 


Ul 






?s- 


rt 




rt 


n 


Ul ft) 


ru 


cu rt 






O 


O 3 




3" 




O 




N O 


rt 


^> ft) 


o 




3 


ft) 3 cr 


3r 


CU 








•a *< 


ft) 


-s cu 








O CP 




3 < 




O 






ft) 








ft) cu 


rD 


-J. -s 




3 




"S 


3 CU 




ft) 




cu rt 3 


o 










"S 3- Ul 


ft) 


rt ft) 








3 fD 


3 


3" 




Ul 


-s 

3 


cu -O 3* 


rt 


fD ^ 
3 








3 


O 


n ft) 






— ^ 


CL ft) rt 




O cu 




o 




Ul 3* 




C 3 






3 "O ft) ft) 




3 ^ 






a. ft) 3 


cu 


rt 








rt 


3 










1 


CL^ 



00 
• 



o 


(Jl 






CO 






Ul n 




00 


O 




00 


• 




• 


• 


• 


• 


c o 


3 


rt 


O 


3 


fD 


o 














c 


-h 




c 


-+) 


fD 


3 














rt 3 


O 


CL 3 


O 




rt 






•X) rt 








Ul rt 


"S 


fD 


rt 


"S 






O 


3 


fD s: 


3 






s"" 


3 


3 << 


3 


"S 


3 


rt 




O 


n 


N 


3 




Q; 


rt 


« 


cu 


CD 


C 


cu 


-h n 1 




fD 


cr 


cu 


rt 


Ul 




rt 


< 


ro 




cu 


fD ^ 


fD 




fD 


rt 3 










fD 


CL 






3 fD 


CU 


O 


"S 


3* CL 


O 






O 


"S 




^« 


3 


rt cu 


Ul 








3 






3 


Ul 




3 


Ul 




fD 




o 


o n 




— i 






fD 




O 




O 


Ul 


-t> 




c o 








O 




-s 








CU 




rt 3 


O 






3 


Ul 




fD 




fD 


O" 






"S 








— 4« 




CU 




— ' -5 


fD 


3 


CU 


KO cu 




cu 




O CL 




Ul 




CU 


rt 


Ul 






rt 


rt 




c 


fD 




fD 




3 O 


Z 




3 


3 fD 


3- 3- 




rt 








CL CL 


ee 




Ul 


fD rt 


fD 


er 




cu 
to 


fo 








CU 


3 






rr 








cu 


















O fD 




Ul 




3 










fD 


CU 






o 


O 
















CU 


3 






3 fD 


wn 


LUi 




fD 





.rt I 



cu 





























CO 




















• 






• 




• 


• 




o 




o 








cr rt 


o 


n 


O CU 




^ < 


o 


< 00 


ft) 




3-^ 


o 


3 




ro 3r 


cu 


o 


Z n 


o o 


— »• CU 




cu -a 




-f) fD 








rD 


•1 fD 


^ 


c 


3 -S 


3 c 


O rt 


i 


rt n> 


^« 






m 


rt 






n 


3 


fD fD 




rD T3 




O 


n 


Ul 


3 


« 1 


3rxJ 


o -a 


c 


rt 


CL CU 


CU 




tu 


O TT 


3 


fD 


rt 




fD 




^ O 






to 


o 




-5 


3 n> 


CU 




C 


cu 










CU 




-J rD 


fD O 


o 


fD 






«j« 


CL'-< 




t/1 




cu c 


rt 




cu 


C 


^ 9 




o 




3 


fD 


cr 


3 


rt 




n — ' 


fD 




3 rt 


rt 3 


3 Z 


rt 




o 




3 




CU 


O 


cu 






CL O 


3-,rt 


fD 3 


3- 






rt 


rD 


g 


rt 




fD rt 


rt 






fD *< 


CL fD 


fD 


^. g 




OJ 


Ul 






rD 




Ul -4. 


3" 




Z rt 


« 


Cl 




O 3 




Cl 




o 




« 


3 


O 


fD 




3rt:J 




-s 


fD 


n 


-~-<« 


•-h 


o* 






*< 


CU 3 






rt fD 


C 




0; 


• 00 


rD 


Ul 


*^ 


rt 


rt 




< 


CL 




3- 


cr 


3 CU 


rt 


O 


Ul 


o 


g 


Dv 






O 


CU rt 


rD 






»^ 


CL 3 


^« 




• 


^ i 




^« 


o 




c: 


•a. o 


3 




3 


^« 


CL 


O 


»^ 








3 


3 








Ul 






n 


z 






QJ 




ro 








CU rt 


^« 




^ < 




rt 


o 


o 




3 








n 


cr 3r 


rt 




O o; 


-a 


rt O 




o 




Q. 


fD 




O 




o 


fD 




c: rt 




3- 




3 






rj 










f^ 






rD 


*^ 




Ul 




O* 








3 


3 


O 








3 C -1 


fD 














rt 

'< 


C 










cr 


^« 
















O 3 










1 


1 


1 
















1 
















































Ul 





























ERIC 



o 

3 



< 

CD 



3 

o 

mmm 

CO 

(/I 
(/I 



O 
c 

a 

n 



n 
o 

3 

3 
e 

3 



CD 
m 
X 

> 
< 

5 

> 



O 
03 
c_ 
m 
n 

H 

< 
m 

00 



C 
O 
m 
Z 
H 
I 

O 
m 
Z 
H 
m 
33 

m 
O 

r 
m 
> 

3) 
2 

2 

O 

> 

n 

H 
< 
H 

m 

00 



O 

rri 
Z 
H 
> 
H 

5 
z 



o 
o 

2 

o 
m 

2 
O 



m 

3 
< 

3 

3 



CU 
3 

a. 

c: 
;/! 



I 

00 
rt 
n> 

s: 

cu 

2. 

CO 

•a 



3 



C 
2 



V) 

c 

00 
c. 

m 
o 

H 



3 

s 

I 

3" 



< 

cu 

CO 

3 

CO 

cu 
3 
CL 

T) 

n 
n> 

3 

rt 

01 



rt 



o 


CO 






ro 






o 






















o 












o 




o 
















o 












o 




o 




3 




iA 












< 












— i« 




O 




3 



o 
o 

3 

3 
c 

3 



o 


0) 


O 


o 


c 


•mi 






o 








s; 


< 




o 










ro 








-n 


Sh 


3 


o 






"1 


3 








C 


-n 






Qi 


r- 


ru 




Qi 












CL 


















3 


en 




o 


C7) O) O 



ro — - 



> 



CL 



3: 



m 

00 
Qi 

to 

• ro o 

« o 

"5 s 
O 3 
=r o 

« o 



B 

f 



O 



3 

a. 

<✓> 
o 

Qi 



a 
o 
c 

cr s: 

I Q. rt 



3 

00 



CO 



00 



>4 



Qi 
rf 
«<jf 
O 
3 

i 

rr 

3 

a. 



3 

cz 

CO 



e 
cr 

I 

5' 
3 





SO 


LA 

SO 


so 


so 


so 


so 








00 


CO 


00 


00 


n> 




W I 


f n 

W 1 




















00 










o 


O 


on 


o 


on 


O 


on 


O 


o 


o 


o 


o 


o 


o 








00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


ro 


ro 




O 


2! H 


















w 
















'Vj 






on 






00 




as 




ro 




ro 










o 


00 


on 


o 




ro 




on 




on 


00 


ro 


CO 


*n 


cr Q) 


00 




00 


00 


00 


o 






o 




4^ 








































































i 




































00 


00 


00 


00 


00 


o> 


00 


00 


00 


00 


ro 


ro 






> 


T| -H 








on 


on 


00 






00 








00 


<^ 


o 


0) O 


on 


o 






00 














on 










I* 






k# 










« 










I* 


n> 


3 Q> 








00 


o 




o 


00 


o 


on 


00 






xo 






00 


ro 


00 


00 


ro 




00 


ro 


o 






00 






iO 




on 






CO 


ro 












4^ 




o 




































•n 


00 > 
































































N n> 
































































































O U3 
































n> 
































r- -o 






























3 


































































Q. n 
































































> 3 
































































ro 
































0) o 



































-t) rt -ti 
Qi 3* 0) 

3 n> 3 



CO Qi CO 

Q) a 

CO 



:t 

in n> 

N rt 
0) O 

O Q> 



H O O 
n> r+ 0> 

n> n> 

3 

-J. 3 

cr 



CO 

Qi 
Qi O 
3 ^ 

a. n> 

» n> 
n> • 

n> H 

^ 3" 

n n> 
n> 

3 (/) 
<-♦• rt- 
C 

o o. 

3 
3 € 

a. 

-it 
3 

-J. Q. 



U3 CO 

-ji n 
< o 
ro 3 

3 (/) 

-J* 

rt 3 
0) 



ar 

0) 



rt- O 
rt- 

O O 

rt -t) 

3 S 
C a 

3 *^ 
cr 

n> o 

o o 
n> 

CO 



> 

00 

oo 

§ 
i 



o 
o 

3 
rt 
-J* 

3 
C 

n> 

CL 



